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ABSTRACT

Vibratingwirestressmeterswereinstalledin theSpentFuelFacilityat

theNevadaTestSite. These stressmeterswillmeasurethechangesin in situ

stressduring the five-year spent fueltest. Beforeinstallation,laboratory

testswereconductedto studyreproducibilityof placementandto developa

programhopefullyto reducecorrosionof thestressmeterswhilein placeat

theSpentFuelFacility.These laboratory tests are discussedalongwiththe

installationof thestressmetersat theSpentFuelFacility.
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INTRODUCTION

A testof retrievabledrygeologicstorageof spentfuelassembliesfrom

an operatingcommercialnuclearreactoris underwayat theNevadaTestSite

of theU.S.Departmentof Energy(OOE)l.Thisproject,generallyreferred

to as the“spentfueltest--Climaxgranite,“ is part of theDOENevadaNuclear

WasteStorageInvestigations,whicharemanagedby theNevadaOperations

Officeof theDOE. TheLawrenceLivermoreNationalLaboratory(LLNL)is

responsibleforthetechnicaldirectionof thetest. Thisgenerictestis

located420m belowthesurfacein theClimaxgranitestock. Elevencanisters

containingspentfuelassembliesapproximately2.5yearsoutof reactorcore

willbe emplacedin thefloorof a storagedriftalongwithsixelectrical

simulatorcanistersandtheireffectswillbe compared.Twoadjacentparallel

driftswillcontainelectricalheatersthatwillbe operatedto simulate

withinthetestarraythethermalfieldof a largerepository.Duringthe

testthermomechanicaldatawillbe obtainedthatmayultimatelybe usefulin

designinga spentfuelrepositoryin graniteor otherhardrock.

As a partof thescientificinstrumentationprogramassociatedwiththe

spentfueltest,stressmeterswereplacedin a pillarand in thefloorof the

undergroundfacility.Thepillarandfloorareof graniteandarewhat

remainedaftertheminingof thecanisterandheaterdrifts.Thestressmeters

wereplacedin theserockvolumesto monitorthechangesin in situstresses

duringtheprogressof thespentfueltest.

.
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Thestressmetersweredeveloped2as an engineeringdeviceto monitor,

primarilyforsafetyreasons,thechangesin in situ

installations.Thestressmetersaremanufacturedby

a numberof advantagesforfieldwork,nottheleast

stressaroundunderground

IRADGAGE,Inc., andhave

of whichis theirbasic

.
principleof operation.Withthesegaugestheappliedstressis relatedto

the frequencyof a vibratingwire,andvoltages,leadresistance,etc.,are.

notimportant.

We investigatedtwoareasrelatingto theuseof thesestressmetersprior

to placingthemat theSpentFuelFacility.Thefirstconcernrelatedto our

abilityto placestressmetersin variousboreholesandto obtaina predictable

stresscalibrationfromonestressmeterplacementto another.Thesecond

concerncameto liahtwhenstressmetersusedin an earliershorttermin situ

testin theSpent

stressmeterswere

of corrosion.We

FuelFacilitywererecoveredandexamined.These

in placeaboutthreemonthsandshoweda significantamount

believedthatunlessthecorrosioncouldbe greatlyreduced

thevalidityof thedatafromthestressmetersduringthefive-yearduration

of thespentfueltestcouldnotbe supported.

Theworkdonein thesetwoareaswillbe discussedin thefollowing

pages. Theplacementof thestressmetersat theSpentFuelFacilitywill

be coveredin somedetail.

also

.

.

-3-



CALIBRATIONREPRODUCIBILITY

TheIRADstressmetersyieldthe

measuringtheperiodof vibrationof

body(Fig.1). Whenthestressmeter

tension.Thetensiondeterminesthe

acceptablemust

thestressmeter

stressappliedto thestressmeterbodyby

a wireheldin tensionby thestressmeter

is assembled,thewireis installedunder

zeroloadperiodof vibration,andto be

fallwithina rangeof values.Thestressis transmittedto

bodythroughthewedge-platencombination.Thetransmitted

loaddeformsthestressmeterbody,and

periodof thevibratingwire.

Thestressmeteris preloadedto a

changesthetensionand,therefore,the

givenstresslevelduringinstallation

by pullingthewedgeparallelto theaxisof thestressmeter.Thisaction

forcestheplatenagainsttheboreholewall. As thein-situstresson the

stressmeterincreasesor decreases,theperiodof vibrationwillchangefrom

thepreloadvalue.

Thequestionof stressmetercalibrationis relatedto howwellthethree

stressmeterpartsarealigned.Thesituationonewantsis uniformloading

alongth~separtswiththeloadparallelto thevibratingwire. Thisuniform

loadingis thecaseif thestressmeterplacementyieldsa mirrorsymmetry

planealongtheaxisof thestressmeterandparallelto thevibratingwire.

IRADGAGEhasshownthatthissituationcanwellbe approximatedin

stressmeterplacementsin itslaboratory~.

In ourstudieswe carriedouta numberof stressmeterplacementsin

setupdesignedto simulatefieldconditionsforstressmeterplacements.

smooth38-nxn-diamboreholewasdrilledin a granitecubeapproximately

a

A
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FIG.1. Schematicof stressmeterin borehole.
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120mm on a side. A l-mlongmetaltubewitha 38-mmid. wasalignedwith

theholein thecubeandwas firmlyattachedto it. Thissimulatedborehole

correspondedto theshortestand,therefore,easieststressmeterplacementto

be attemptedin thefield.

Greatcarewasusedto makeallplacementsin thissetupas nearly

identicalas possible.Theonlyintentionaldifferencein theplacementswas

a rotationof n* abouttheaxisforthestressmeterin approximatelyone-half

of thesettings.Therewereno systematicdifferencesbetweentheplacements

forrotationsby m; however,thereweredifferencesin calibrationfrom

placementto placement.Thecalibrationswereobtainedby loadingthecubein

a hydraulicpress. Theloadwasappliedto thetwooppositesurfacesthatare

perpendicularto thevibratingwire. Witha cubeloadedin thismanner,the

stateof stressin andaroundthestressmeteris complex.However,thestress

stateshouldhavebeenthesameforeachcalibrationbecausetheloadon the

surfacewasneverallowedto go to zero. A stressof 31.5X 105Pa was

appliedandmaintainedon thecubesurfacesduringthestressmeter

installations.

Thedifferencesin calibrationobtainedforsomeplacementsaredistinct

fromtheslightchangesin calibrationthatoccurredwithrepeatedstress

loadingandunloadingcyclesfora givenstressmeterplacement.TWOdistinct

calibrationcurveswerefound.Oneof thesecalibrationscouldbe correlated

*Anglesin radians.

-6-



.

witha substantialdropin stressmeterpreload(appliedby pullingthewedge)

whentheinstallationtoolwasremoved;theothercouldbe correlatedwith

littledropin preload.Theinstallationtoolholdsthestressmeter

body-wedge-platen

installationtool

installationtool

assemblyin alignmentduringthewedgepulling.(Our

hadbeenmodifiedto improvethisalignment.)Afterthe

is removedfromthesetstressmeterassembly,thewedgeand

platencanmoverelativeto thestressmeterbody. Thiscanhappeneventhough

theassemblyis underpreloadif thestressdifferencesbetweentheactual

stressstateandthedesiredsymmetricstatearelargeenough.Thesestress

differencescanresultfrom,forexample,boreholesurfaceroughness,a

failuresurfacein theboreholewallat thelocationof thestressmeter,a

nonuniformboreholediameter,a nonstraightborehole,grainsof different

materialsat thestressmetercontacts,errorsin alignmentof theassembly

alongboreholeaxis,etc. If theshiftin alignmentoccurs,changesin in—

situstressarenottransmittedto thestressmeterbodyin

i.e.,thebodyis loadeddifferently.Thisresultsin the

respondingdifferentlyto changesin appliedstress.

thesamemanner;

vibratingwire

Whenthestressmeteroutputdroppedless

removalof theinstallationtool,we obtained

bration.Thedatafora settingwitha normal

than10%of thepreloadupon

whatis termeda “normal’’cali-

calibrationappearin Fig.2a.

Fordropsof greaterthan10%upontoolwithdrawal,a secondcalibration,

termed“subnormal,”wasobtained.Approximately30%lesssensitivethanthe

normalcalibration,thiscalibrationappearsin Fig.2b. The10%dropthat

delineatesthetwocalibrationsis notsharpandis somewhatarbitrarybut

appearsto be a usefuldividingline. Whatcalibrationsshouldbe appliedto

stressmetersinstalledin theSpentFuelFacilitywillbe discussedlaterin

thesection“StressmeterInstallationat theSpentFuelFacility.”
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CORROSION

Oneof thestressmetersusedin the

RESISTANCE

earlierin situexperimentsis shown

i.nFig.3. Thisstressmeterhasbeensandblastedto removea layerof

corrosion‘~guesstimated”to be a fewhundredsof a millimeterthick. Thepits

thatremainedareup to 0.75mm deep. It is difficultto predicttheeffect

of thiscorrosionon thecalibration;however,if oneconsidersthatthetotal

deflectionof thestressmeterbodyundermaximumexpectedloadis lessthan

10-2cm,a corrosionlayerof thisthicknesscouldhavean important

on thestressmetercalibration.

Thecorrosionpitswillalsoinfluencetheeffectivemodulusof

stressmeterbodyand,thereby,the

therateof corrosionweremoreor

the five-yeartestthecalibration

becomeopento seriousquestion.

amountof deformationfora given

effect

the

load. If

lessconstantwithtime,at sometimeduring

valuesobtainedon newstressmeterswould

Meaningfullong-termcorrosiontestscouldnotbe performedin thetime

frameavailable;however,to

significantcorrosion,three

(1) Priorto assembly,

improvetheoddsof stressmetersurvivalwithout

stepsweretakento protectthem:

thestressmeterbodieswereplatedinsideandout

withelectrolessnickelcontaining7% to 10%phosphorus.The

platingwas0.127rrrnthickandwasalsoappliedto theplaten.

(2) Thestressmeterbodieswerecoatedwith0.0167mm of plasticfilm.

Afterassemblyof thestressmeters,thecoatingwasappliedcovering

allcracks,voids,andsmallholesandgivingadditionalprotection

to theseareas.

.
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FIG. 3. Stressmeter from earlier in situ test showing corrosion pits.

FIG. 4. Plastic tube with three dummystressmeters foamed in laboratory test.

-11-



(3) Afterthestressmeterswereinstalled,thevolumearoundthe

stressmeterswas filledwitha highdensityinertfoam. Thisstep

wasincludedto minimizetheflowof groundwateraroundthe

stressmeters.The foamingoperationwascarriedoutseveraltimes

in thelaboratoryundersimulatedfieldconditions.Afterthe

techniquewasperfected,thesetestswerealwayssuccessful.In

Fig.4, a plastictubein whichthreedummystressmeterswereplaced

is shownaftera simulatedfoamingoperation.

We believethatthisthree-prongedapproachwillgreatlyreducethe

amountof corrosionduringthespentfueltestandwillimprovethevalidity

of thestressmeterresults.
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STRESSMETERINSTALLATIONAT SPENTFUELFACILITY

EighteenIWO GAGEvibrating-wirestressmeterswereinstalledin the

SpentFuelFacility.Sixstressmeterrosetteswereused,eachrosette

, consistingof threestressmeters.Onewasalignedat 0~0.10 (O is vertical

forthehorizontalholesor perpendicularto thedriftaxisforthevertical
●

holes),onewasrotated1.04:0.10 CCW,andthethirdwasrotatedby

1.04 ~o.lo Cw.

Priorto placingthestressmetersat thefacility,a simpletestthat

placedtwostressmetersin a boreholeindicatedthatwitha separationof

150nuntheplacementof thesecondstressmeterwouldnotaffectthepreloadof

thefirst. Theplacementof thestressmetersis shownin Fig.5. Boreholes

NSG4and

floorin

CSG1and

NSG3arehorizontalholesandarelocatedapproximately2 m abovethe

thepillarbetweenthecanisterandnorthheaterdrifts.Boreholes

CSG2areverticalholesin thecanisterdriftfloorandarelocated

approximately1 m northof therowof canisters.

Allboreholesarenominally38 mn in diameter.Allboreholeshave

distinctriflingwitha wavelengthof a fewcentimeters.Theriflingis

manifestedas a decreasein diameterof a fewtenthsof a millimeter.In some

cases,theboreholesalsohadgrossfailurezones. Thestressmeterswere

placedin regionswhereno knowngrossdamageexists;however,it is not

possibleto saythatno damage

placed.,.

Theinstallationwasdone

existsin areaswherethestressmeterswere

withthemodifiedIRAOGAGEinstallationtool.

.
Thistoolallows,butcertainlydoesnotencourage,theinstallationof three

stressmetersandonethermocouplein thesameborehole.Theinstallationwas

furthercomplicatedby thenorth-heater-driftnarrowness,whichmadeit
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necessaryto insertthestressmeterspartwayintotheboreholebeforethe

installationtoolcouldbe completelyassembled.

A listof

tablearezero

preloadperiod

change.After

thestressmeterplacementsis givenin Table1. Alsoin the

loadperiods,thepreloadperiodwiththetoolin place,the

aftertoolwithdrawal,thepreloaddifference,andthepercent

placement,therosetteswerefoamed.Thereis no independent

wayof checkingthesuccessof thefoaming,butsecondaryindicationswere

encouraging.

stressmeters,

others,USG31

Comparisonwithourlaboratorystudiesindicatesthattwo

NSG44andGSG12,hadprobablyplaten-wedgeshiftandthattwo

andNSG35,aresuspect.

Forthestressmeterswitha small(lD%)

theinstallationtool,we recommendthatthe

dropin preloaduponremovalof

standardIRAOGAGE2calibration

be usedbecauseof thelargerstressrangecoveredand

stressstateusedin theirexperiments.TheIRADGAGE

u=r A ] -(!)’][’’;q’,d,

therelativelysimple

calibrationis:

(1)

where r is thestresschange,To is thepreloadperiod,andT isthe

period.Forthestandardcalibration,A = 1.6X 104. If thepreload

droppedtheorderof 10%or more,we recormnenda 30%lesssensitive

calibration(A= 2 x 104).

An alternateapproachwouldbe to usean averagecalibrationforall

stressmeters(A = 1.8X 104). If thisweredonethestressmeter

calibrationswouldbe within~ 15%. In makingtheserecommendationswe are

assumingthatthestressmetersplacedat theSpentFuelFacilitybehavedin

thesamemanneras thosein thelaboratory.
-15-



TABLE1. Stressmeterparameters.

Hole No. Position IRAD Zero Too1 Tool A% Thermocouple Thermocouple
No. load “ removed no.

reading ;Yace

NSG4 3 Deep 03 1878 2090
2 Mid 020 2200 2405
1 Shallow 011 2181 2429
6 Deep 024 2200 2404
5 Mid 023 2121 2349
4 Shallow 012 2072 2275

NSG3 3 Deep Q18 1918 2122
2 Mid Q13 1837 2058I

~ Shallow Q9 2122 2322
: Deep Q26 2028 2230
5 Mid Q22 2177 2397
4 Shallow Q17 2186 2416

CSG2 3 Deep Q4 1924 2129
2 Mid Q27 1839 2053
1 Shallow Q1 2188 2397

CSG1 Deep 05 2016 2232
;’ Mid Q15 2018 2233
1 Shallow 07 2049 2389

2089 0
2391 1;
2421 ; SGT041 148
2394 1: 5
2343
2240 3: 1; SGT044 153

2122 0 0
2042 16 7
2300 22 11 SGT031 151
2222
2372 2: 1:
2401 15 7 SGT034 150

2124
2035 1; :
2398 1 0 SGT021 146

2227
2205 2: 1:
2384 5 1 SGTO11 149

—.
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POSSIBLEFUTUREWH

.

●

“Severalareascouldbe investigatedin thefuture.Suchinvesti-

gationwouldexpandourunderstandingof theresultsfromthepresent

testandprepareforfuturetests. The followingaretheareas:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Interactionsbetweenindividualstressmetersin a stressmeter

rosette.

Determinationof calibrationsof stressmeterrosettesin

largeblockswitha triaxialstressstate.

Long-termcorrosionstudies.

Theeffectof corrosionon calibration.

Detailedstudiesof theeffectof stressmeterassembly

alignment.

Modificationof stressmetergeometryto minimizetheeffect

of asseblyalignment.

Improvementof thedesignof theinstallationtoolto makeit

easierto useandto allowbetteralignmentof the

stressmeterassembly--boreholesystem.Theinstallationtool

shouldalsobe modifiedto allowthepreloadto be both

increasedanddecreased.Withthismodification,thefirst

stresscyclescouldbe donein place,andthereforethe

stressmetercouldbe assumedto be “setin.”

.
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